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SECRET

PREFACE

This report covers tests conducted as Project 9.1 a BUSTER
to determine the effects of atomic explosions on small shelters.
It details organization and conduct of the tests, factors influ-
encing results, and evaluates the degree of protection afforded
by simple shelter structures.

The shelters selected for the tests were similar in design
to those recommended by the Lehigh University Institute of Research
for use by the Federal Civil Defense ?rministration. However,
the test structures were varied in building detail and, as a con-
sequence, factors of strength were considerably altered. Protective
values were not intended to conform with those of basic designs
considered for general use by the public.

The writer gratefully acknowledges the assistance of personnel
of the Atomic Energy Commission and the Armed Forces Special Weapons
Project. Many members of the Federal Civil Defense Administration
helped with the project: Dr. H. Kenneth Gayer, Admiral Garret L.
Schuyler, Mr. Ellery Husted, and Mr. A. S. Neiman in arranging and
planning the test; Mr. Beunjutui Tayior in field operations, and
other members of the staff in the preparation of the report.
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ABSTIJCT

Project 9.1 a BUSTER was designed to determine the effects of atomic
explosions on small civil defense shelters for family use. Since limited
participation In the program did not. peinnit tests of all proposed sbelter
designs, data developed by Lehigh University Institute of Research served
as a guide in selecting four types of shelters. They were: (I) covered-
trench, (2) metal-arch, (3) wood*-arch, arid (4) basement lean-to.

Twenty-nine simple stractures wt. rc built along an arc 1200 ft. from
the target point, Construction was varied without regard to protective
values and only to obtain technical datc" for design purposes. These
structures were subjected to Shots Baker, Charlie, and Dog.

Soil at the test site, when moved, lacked cohesive properties and,
consequently, much of the earth cover on) thc shelters was removed by the
first shot. Since a change in test operations prevented the planned
restoration of structures and replacement of cover after each blast, this
reaction matpri•l!y influenced test. results. Effects of the first explo-
sion added considerably to the damage normaily resulting from the succeed- ..--4
ing shots and cumulative damage was all that could be appraised. This
limited the use of test data from the second and third explosions.

Test structures were severely damaged by the tnirt-e explosions, but
considerable useful data was obtained. Below-trzade covered-trench shelters
provided protection against Shot Baker, and withstood the thry-c explosions.
Partly above-grade covered-trench shelters provided less protection against
blast and gamma radiation tests indicate( that the.y snould be used only if
below-grade construction is possible. The metal-arch shelter failed before
sufficient data could be obtained, but metal-arch shelters set in concrete
footing reacted well. The tests indicated that this type of shelter can,
with minor modifications in design, provide good protection. Wood-arch
shelters survived the first explosion, but collapsed in the second. The
wood-arch, as designed, proved unsuitablt as a substitute for the metal
arch. Because of the inadequacy of the test. structures, no information
was obtained on the reaction of basement lean-to shelters.

Unusual conditions disclosed a numnber of weak points in the structures
tested which contributed to thoir failure. Deficiencies were noted in en-
trance construction, front and end sections, and effective earth cover.
These defects can be corrected by changes in design. Damage to the struc-
tures was so severe that conclusive data on many items were not obtained.
However, knowledge of the reaction, of shelters gained under test conditions
should be helpful in planning additional test* with improved methods of
instrumentat ion.

- xi -
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The tests showed Lhat sial shelters arc potentially capable of pro-
viding a degree of protection co nre•suua'te with the requirements of civil
defense. The information developed should be useful in modifying present
designs to provide safer shelters.

- xil -
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INTRODUCTION

1.1 OBJECTIVE

The Federal Civil Defense Administration family shelter evaluation
under Project 9.1 a BUSTFE was designed to develop informiation on the
degree of protection from atomic explosions afforJed by simple structures
which could be built by the average householder with available materials.
Specifically, information was desired on the degree of protection pro-
vided by shelter designs proposed for use by FCDA. Since all shelter
designs could not be tested, the following data applicable to all types
were desired:

(a) Resistance of !.mall shelters to blast pressures.

1. Degree of protection afforded by basic desigvs.
2. Reaction of structures above and below-natural grade.
3. Stability of entrance structures.
4. Effects on framing materials of reduced sizes.
5. Reactinn of construction materials.

(b) Reaction of earth cover.

1. Earth-arch effect on structural strength.
2. Resistance of mass of overburden to transient loads.
3. Effects of blast on reducing earth cover.
4. Requirements for protection from radiation.

(c) Effects of orientation of structures with respect to ground zero.

1. Resistance of structures.
2. Prot,.ctior against radiation.

(d) Requirements for sheathing sidewalls.

l. Reaction of concre.te-block sidewalls.
2. Substitution of chicken wire and tarpaper for wood sheathing.
3. Method of f,;stening sheathing.

(e) Reaction of lean-to shelters fastened to basement walls.

1.2 HISTORICAL 
* -I

In November, 1950. the Corps of Engineers. acting for FCDA negotiated
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6 contract with Lehigh Univera.ity Institute of Research for preparation
of a series of manuals on shelter protection. With the assistance of
FCDA and a panel of technical consultants, Lehigh University Institute of
Research developed design and construction data on a niunber of family
shelters. Before officially approving this dati, FCDA desired to deter-
mine reactions of the proposed structures to the effects of an atondc
explosion.

Provision was nmade for a limited test of these small structures
under Project 9.1 a BUSTER. Since limited participation and fixed test
conditions did not permit inclusion of all proposed shelter designs,
the data developed by the Lehigh University Institute of Pesearch served
as a gaide for selecting a number of simple structures which had not
previously been tested. These structures included four basic types:
(a) covered-trench, (b) metal-arch, (c) wood-arch and, (d) basement
lean-to shelters,

With the exception of the wood-arch, these designs were typical of
those under consideration for recomnendation to the public. In addition
several reduced-strength structures were used, not to provide any degree
of protection but, to develop technical data for design purposes.

1.3 THELDRETICiAL ?tt'ARATION

yL fanily shelters were not intended to provide absolute protection
against atomic explosions. The Lehigh University Institute of Research
criteria for a nominal bomb exploded at optimum height is as follows:

(a) Metal-arch shelters

1. Structural resistance at ground zero (maximum peak
overpressure of 52 pounds per square inch).

2 JLdiat.Q U ......U'
a. 100 r at 2100 ft. from ground zero.
b. 200 r at ground zero.

(b) Covered-trench shelters

1. Structural resistance at about one-half mile from
ground zero.

2. Radiation dosage
a. 100 r at 2100 ft. from ground zero.
b. 200 r at ground zero.

iri~e e~~&owerb cr. on Inforrrton c-ntslned In Tha F~f1Pt,+.q
of Atomic Weapons and one or more of the following assumptions:

- 2
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(a) Structural resistance of small shelters must be provided
by the structure and will be only slightly affected by the mass or
ductility of the shelter.

(b) Effects of pressure relief, due to the blast filling the
structure will be omitted in calculating resistance of the shelters.

(c) All structural resistance of the covered-trench shelters
must be provided by the action of the roof joists. Effect of inter-
action between the joists and roofing, as well as earth-arch action,
was omitted to compensate for the possibility of poor workmanship.

Wd) Structural resistance of the metal-arch shelter will be
provided largely by the earth arch formed over the steel shelI. The
steel shell must be capable of providing sufficient support to confine
the earth during construction. For earth-arch action to occur, each type
of soil must satisfy certain minimum criteria. Granular soil, forming
a 3 ft. earth arch (on a 4' 6" diameter steel shell) must meet either
of the following requirements:

1. Minimum cohesive strength - 7 pounds per square inch.
Minimum internal friction angle - 30 degrees.

2. No cohesive strength. Mini-mun internal friction angle -

35 to 40 degrees.

Test structures were selected to provide further information on
these assumptions, as well as other factors influencing the reactions
of small shelters to the effects of atomic explosions. The structures
were to be subjected to atomic explosions of varying intensities cover-
ing a range of pressures extending considerably beyond design values.
All were to be located equidistant from the ground zero of three
successive bombs of increasing size. After each shot it was planned
to readjust earth cover and partially rehabilitate the structures to
reduce the build-up of effects from successive explosions.

t ¾.

-3-
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CHAPTER 2

PROCEDURES

2.1 CONSTRUCTION

A total of 29 simple structures spaced 25 ft. apart were built
along an arc 12&--t. from the target point. The first structure
was located 30 ft. south of a line due east of the target point.
These are shown in U. S. Atomic Energy Commission, Santa Fe Operations
Office drawings N.T.S. 9.1-1198, dated September 22, 1951.

Eighteen of the structures were the covered-trench; five, metal-
arch; four, wood-arch; and two, basement lean-to type. Structural
strength, materials, amount of earth cover, elevation and orientation
were varied for test purposes. These variations are summarized in
Table 2.1, and details of design of the various structures are con-

t.m.*. 9#1-1190; N.T.S. 9.1 -T.- 9.1
N.T.S. 9.1-1201; and N.T.S. 9.1-).202.

2.1.1 Covered-trench Shelters

Structures for the covered-trench shelters (type-A) were
prefabricated by the contractor in a field shop. (Fig. 2.1). These
structures were small enough to be moved by truck and lowered into
position by a-i A-frame. (Fig. 2.2). The covered-trench or type-A
shelters were placed noth oelow and partly above the natural grade.
(Figs. 2.3 ,anc. 2.4).

Figures 2.5 and 2.6 0how identical structures, one covered
with 3 ft. of earth and the other with 2 ft. A bulldozer was ubed to
place earth cover and no special provisions were made to compact back-
fill. To obtain sufficient cover for some of the above-grade structures,
the area surrounding structures A-15, A-17, and A-18 was cut slightly
below grade. In back filling operations the bulldozer cracked a stud
in the entrance structure of A-15, and the center 2 x 4 roof joist in
A-6.

Considerable difficulty was experienced in protecting the
entrance construction with earth cover, since the soil lacked cohesive-ie ... ' ~ . .. a.... wa-- no* ...... i
structures as in those built partly-above grade (Figs. 2.6 and 2.7).

SECRET RESTRICTED DATA
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2.2 INSTRUMENTATION

Since this project was c late addition to the test progran, facilities
were not available for complete instrumentation of the test structures.
Therefore, it was necessary to improvise some of the methods of instru-
mentation. The following provisions were made to obtain data:

(a) Radiation Measurements - Gamma Film Badges.

1. Range 50 r to 300 r - Dupont Adlux No. S2 film badges
located in entrance and within shelter areas.

2. Range 1/10 r to 300 r - No. 606 badges located within
shelter areas.

3. Range 50,000 r - No. 548 badges attached to structures
located at ends and center of 1200 arc.

4. Range - Dupont 554 and 556 filn badges, shielded in
National Bureau of Standards (lead, tin, bakelite)
film holder and calibrated against Co6O, used for
reference purposes by Project 6.1 b BUSTER, placed
in high, medium, and low positions in some structures0

(b) Def.ection Measurements - Improvised Deflection Devices.

1. Rough devices similar to wooden jacks built on site
of 2 x 4 scrap lumber, placed at ends and center of
roof joists and at center of studs and arches.

(c) Pressures Inside Shelters - Land Mine Fuses.

1. A limited number of land mine fuses, tested by the
- Corps of •igineers (Project 3.5) placed in a few

structures.

The location at which these readings were taken within the shelters
are shown in Fig. 2.18. Figure 2.19 shows the details of the devices to
measure deflection of structural members.

2.3 SITE CONDITIONS

Yucca Flat is an alluvium-filled valley. The alluvium varies in
character from clay and silt-sized particles, to cobbles and boulders.
The composition of this material is chiefly limestone and volcanic tuff
with smal11r Amornft_! ofi other volcanics, qurLzite, conglomerate and
sandstone. The alluvium is poorly consolidated except where the particles
are cemented by caliche or where beds of caliche exist. Density of the

-6-
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alluvium varies from 1.3 to 1.8 kilograms per liter. There were no
determinations made of the cohesive properties of the soil either before
or after it was disturbed.

After being disturbed, the soil had practically no cohesive proper-
ties. The low cohesive value of the material used in backfilling made
it difficult to compact the earth cover on the structures. It was also
impossible to protect above-grade entrance construction because of the
tendency of the material to flow freely. Intermittant showers two days
before the first explosion contributed little to the stability of the
earth cover. Since no special provisions were taken to compact backfill,
the stiuctures were subjected to unusually severe test conditions.

The function of the earth cover on the structure is of particular
importance. However, it was impossible to completely evaluate this func-
tion since an unavoidable change in the test schedule did not permit
carrying out plans to replace the earth cover and partially restore the
shelters after each blast, Considerable earth cover was removed by
each explosion and the effects of the first explosion contributed
greatly to the damage resulting from succeeding exnlosions. This Limited
the use of test data from the second and third explosions in evaluating
the protection afforded by test structures.

2.1.2 Metal-arch Shelters

Only ono ccmplete metal-arch shelter was included in the
test. This shelter was built in accordance with plans prepared by the
Lehigh University Institute of Research. (Figs. 2.8 and 2.9).

One of the studs in the entrance section of shelter B-1 was
cracked in backfilling and additional spreaders were placed as shown.
(Fig. 2.10).

Twelve and 16 gauge corrugated-metal sections were also set
in concrete footings to determine the reaction of metal-arch sections
under 2 and 3 ft. of cover. (Figs. 2.11 and 2.12).

2.1,3 Wood-arch Shelters

With a view to the possibility of conserving critical materials
4 wood-arch shelters were also built. (Figs. 2.13 and 2.14).

2.1.4 Basement Lean-to Shelter

Two structures simulating conditions for use of basement lean-
to shelter were built to determine whether the top of the lean-to snoula -be
attached to the wall. (Figs0 2.15, 2.16 and 2.17).

-7-
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Fig. 2.1 Prefabricated Structures for Covered-trench
Shelters (rarne~ntr-v vard~

Pig. 2.2 Placing Structure in Position for Shelter A-i
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F~g.2.3SheterStrcture A-13 in position Before

Baekfilling (below grade)

Fig, 2.4 Shelter Structure A-1S in, Position Before

BackELLLJ-fg (par'u-
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A.6 M~x-r -i Comp-leted wit n 3 1Ft. of Earth Corer
(b;liow grade)

Fig. 2.6 Shelter A-2 Completed with 2 Ft. of' Earth Cover C

-10-
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Fig. 2.7 Shelter A-17 Completed (partly above grade)
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A

Pig. 21.8 Metal-arch Shelter B3-1 Under Construction
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Fig. 2,9 Shelter B13. Completed

M.,4

Fig. 2.10 Entrance Details of Shelter B-1
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Fig. 2.11 Metal-arch Structure B-5 Set in Concrete Footing

Fig. 2.12 Completed Structure B-3 with 2 Ft. of Ear-th Cover

-14-
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Fig. 2.15 Foundation and Wall for Basement Lean-to Structure

-4 3

Fig. 2.16 Construction of Structu~re for Test aof Bu4sement Lean-to Shelters-r
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COV=TED-TRENCH SIHLTER

I-.TAL A•D WOOD-ARCH SHELTER

KEY

N-J- 11 n--' • U~a p D ~upont Ad-lux No. )-2
F-2 Film Badge Dupont No. 553
F-3 Film Badge Dupont Aclux I~o. 52

(High N.B.S. Shielded Dupont 554 or 556 at Roof
S(Medium N.B.S. Shielded Dupont 554 or 556 Midway Between Floor & Roof

(Low - N.B.S. Shielded Dupont 5514 or 556 3" to 6" Above Floor

H Horizontal Jack Between Studs)
V-i) Vertical Jacks to ) Deflection
V-2) Measure Deflcction of ) Devices
V-3) Roof Joists or Arch

P Land Mine Fuses to Measure Pressures Inside Structure

Fig. 2.18 Location of Shelter Instrumentation
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TABLE 2.1 f

Shelter Test Structures - Type A - Covered-trench

Shelter Earth Roof Wood

Number Orientation Cover Joists Studs Sheathing

Group I - Below Grade - Basic Lehigh Shelters

A-i Back to Ground Zero 3' 2x6  -3 3/4" 2xGo 16" ix 6

A-2 Back to Ground Zero 2' 2x 6 C 3 3/4" 2x4 @ 16" lx6
A-3 Long Side to GZ 2' 2x 6 C 3 3/4" 2x4 @ 16" "x6
A-4 Front to GZ 3' 2x 6 @ 3 3/4" 2x4 @ 16" 1x6

Group II - Below Grade - Lightened Frame

A-5 Back to Ground Zero 3' 2x4 @ 24" 2x4 @ 24" !x6
A-6 Back to Ground Zero 2' 2x4 C 24" 2x 4 @ 16" ix6
A-7 Back to Ground Zero 3' 2x 4 o 16?" 2x4 @ 16!? lx 6

A-8 Back to Ground Zero 2' 2x4 o 16" 2x @ 16" ix6
A-13 Back to Grouid Zero 3' 2x4 0 8" 2x4 @ 8" ix 6

A-14 Back to Ground Zero 2' 2x 4 @ 8" 2x4 @ 8" ix 6

A-15 Back to Ground Zero 3' 2x6 C 5" 2xA c 12" lx 6

A-16 Back to Ground Zero 2' 2x6 C 5" 2x4 @ 12" lx 6

Wood
Group III - Semi-buried - Lightened Frame Roof*

A-9 Back to Ground Zero 2' 2x4 P-_ 8" 2x4 C 8" ix.6
A-10 Back to Ground Zero 3' 2x4 03 8" 2xA c 8" lx 6

A-Il Back to Ground Zero 2' 2x4 8 16" 2xh c' 16" ix6
A-12 Back to Ground Zero 3' 2x4 c 16" 2x4 C 16" Ix6
A-17 Back to Ground Zero 3' 2x6 5" 2xA @ 12" ix 6

A-18 Back to Ground Zero 2' 2x 6 9 5" 2x4 @ 12" ix6

* Chicken wrire and tarpaper sides

-20-
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TABLE 2.1

Shelter Test Structures

Type B - Metal-arch

Shelter Earth

Number Orientation Cover Roof Arch Walls

Group I - Below Grade -Basic De sip

b-1 Back, to Ground Zero 3' 12 Gauge Concrete Block

Group II - Arch on Concrete Footing - Shelter not Completed

B3-2 Back to Ground Zero 2' 12 Gauge Concrete Footing
B-3 Back to Ground Zero 2' 16 Gauge Concrete Footing
B-4f Back to Ground Zero V16 Gauge Concrete Footing

B-5 Back to Ground Zero 3' 12 Gaug-e Concrete Footing

Type C -Wood-arch

Groupj I - Above Grade

C-i Back to Ground Zero 21 2x4 8 Concrete Block
C-2 Back to Ground Zero 3' 2x4 -, 8" Concrete Bloc%~
C-3 Back to Ground Zero 24 2x14 0 16" Concrete Block

c-4. Back to Ground Zero 3t 2x~f 8 1 6,' Concrete Block

TI'e T) - Basement Lean-to
SetrFoundation Lean-to Const. Type of

Number Orientation Wall I' Sheathina F'astening

D-1 Wall to Ground Zero Conc. Block 2x6 10 5" Bottom-bolted
Top -toenailed

D-2 Wall to Ground Zero Conc. Block 2x 6 8D 5" Bottom-bolted
Top Free

-21
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CHAPTER 3
RESULTS

3.1 BASIC TEST DATA

The shelter structures were subjected to Shots Baker, Charlie,
and Dog. Bombing data for these three air bursts have not been listed,
but Table 3.1 gives the computed distances of the structures from the
actual explosions. The distance of each structure from the explosione
varied, but this variation was not great enough to significantly affect
the intensities of pressuare and radiation. Hence, average values for
representati-,e structures were used in evaluation of effects of the
three explocions.

3.2 WEAPONS EFFECTS

Peak overpressures, thermal radiation, and gamma radiation readings
were based on actual recorded data. However, pressurreg for Shot Dog
were estimated. These readings are sumniarized in Table 3.2.

3.3 REACTION OF SHELTER STRUCTURES

The effects of the explosions on the shelters have been listed
separ&etely to assist in evaluating their reaction to each shot. Recorded
data amd structural damages have been summarized in tabular form. In
clamsif.ing structural damage no consideration has been given to radia-
tion hazl.-ds or other effects of the explosions.

Struc''ural damage has been classified as either light, moderate,
heavy, seve-e, or complete destruction. These categories were defined
as follows:

(a) Ligh•t Da_ g.--Superficial damage confined largely to exposed
or above-grade portions of the structure, sufficient to nullify its pro-
tective ý &lue.

(b) Moderato Damage.--Shelter pr--'- in good shape with structural
f.ilure confined to shattering or p demolition of above-grade en-
trance construction.

(c) Heav .-- Structura_ i shelter proper insufficient
to cause failure, but .ýerious damage . .ove-grade entrance construction,
in some cases blockinlg qccess.

- 23 -
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(d) Severe Damage.-Partial or complete collapse of the structure
sufficient damage to indicate failure to provide protection.

(e) Complete Destruction.--Demolition of structures.

Only in case of severe damage or complete destruction should structural
failure be sufficient to result in death or serious injury to persons within
shelters. Since, the effect of blast damage and radiation dosages were
equally as dangerous, other hazards were considered separately.

TABLE 3.1

Location of Shelters with Respect to Explosions

SHOT BAKER SHOT CHARLIE SHOT DOG
Structure Distance Slant Distance Slant Distance Slant
Number GZ Height GZ Height GZ Height

A-I 1224 1658 1312 1733 1240 1883
A-2 1227 1660 1316 1736 1241 1883
A-3 1230 16,62 1319 1738 1242 1884
A-4 1233 1664 1321 1740 1243 1885
A-5 1236 1666 IJ24 1742 121,4 1886
A-6 1239 1668 1327 1745 1245 1886

_ A-7 1241 1671 1330 1747 1246 1887
A-8 1244 1673 1333 1749 1247 1888
A-9 1247 1675 1336 1751 1248 1888
A-1O 1250 1677 1338 1753 1249 1889
A-Il 1252 1679 131.0 1755 1250 189
A-12 1255 1681 1343 1757 1251 1t890
A-13 1257 1683 1346 1758 1252 1891
A-14 1260 1685 1348 1760 1253 1892
A-15 1263 1687 1350 1762 1253 1892

.LAAJ I. LUUQ )_, 1764 1 :)40 '
A-17 1268 1690 1355 1765 2255 1893
A-18 1270 1692 1357 1767 1256 1853
B-1 1272 1694 1360 1769 1256 1894
B-2 1275 1696 1361 1770 1257 1894
B-3 1277 1698 1363 1772 1258 1895
B-4 1280 1700 1363 1773 1258 1895
B-5 1282 1704 1I67 1775 12 59 1896
C-1. 1285 1704 1368 1776 1260 1896
C-2 1287 1705 1370 1777 1260 1897
C-3 1290 1.706 1371 1779 1261 1897
C-4 1291 1708 1373 1780 1261 1897
D-1 1293 1710 1375 1781 1262 1897
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TABLE 3.2

Basic Effects Date for Shelter Structures

SHOT BAKER

Peak Thermal Gama
Shelter Pressures Radiation .'udiation
Number P. s. i. Calories/cm2

A-) 8.2 43
A-1O 8.o 42
A-18 7.9 40
D-2 7.8 39

Average
Values 8.0 41 9,600

SHOT CHARLIE

A-I 15.4 118
A-1O 15.0 115 -
A-18 14.8 11i2
D-2 134.3 110

Average
.Values 14.9 114 29,800

SHOT DOG

A-1 14.7" 155
A-10 14.7* 155
A-18 14 .7* 155
D-2 14.7* 1554

Average
Values 14.7* 155 50,700

*Estimated Values
'*KValues Subject. to RevisiUn !
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CHAPTER 4

EFFECTS OF SHOT BAKER

4.1 INTRODUCTION

The pressures from Shot Baker were considerably less than those which
the basic shelters were intended to withstand. The effects of Shot Baker
on the shelter structures are summarized in Table 4.1. Additional data on
structural damage, intensities of radiation and other factors affecting
the protective value of the shelters are given in this chapter.

4.2 STRUCTURAL DAMAGE

WiLh the exception of structures simulating the basenent lean-to
shelters, complete structural failure did not occur. The blast removed
considerable earth cover and, possibly because of poorl4 placed backfill,
slightly shifted or twisted some shelters. Above-grade entrance construc-
tion was badly damaged particularly where not fully protected by earth
cowvr. Although partial failure occurred in some structures, deflection
devices and other materials placed within them were not disturbed. A
group by group analysis follows:

4.2.1 Covered-trench Shelters

The basic covered-trench shelters (A-l through A-4) which
conformed with designs prepared by Lehigh University Institute of Research
fared well with damage confined to above-grade entrance construction. Earth
cover was lowered 6 to 12 inches. The extent of damage to basic below-
-- •^ st.ructures is show.n Fis A' . I.. , .4., and 4.4. Greatest damage

was suffered by Shelter A-4, the entrance facing the blast. With the ex-
ception of A-4, damage to entrance construction was confined to spreaders
and batterboards (Fig. 4.4.). The entrance of A-1 which suffered more
damage than A-2 was noi as well protected with earth cover (Figs. 4.1,
4.2, 2.5 and 2.6).

Below-grade covered-trench shelters, weakened by increased

spacing and reduced structural members, did not fail, but were damaged
more than the basic structures. Front and end walls showed a tendency j
to give where they were joined to the roof section. Some root joists
were cracked and in two shelters studs on the front side were broken.

Structure A-6, designed to carry little more than the dead load of
C'r thlcverp _4U~iIU~ A IIUJA a11itiz Lj_1c Lltt.; llur LULL! jul ' xiau b11451

cracked in backfilling operations. Figures 4.5, 4.6, 4.7, and 4.8
show the nature of external damage suffered by these structures.

- 27 -
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Pig. 4.1 Damage to Structure A-i Due to Shot Baker
(covered-trench bveow-gr-ade)

fig. 4.2 Shelter A-2 After Shot Baker (covered-
trench below-grade)
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Fig. 4.3 Shelter A-3 After Shot Baker (covered-trench
below-grade)

Fig. 4.4 Shelter A-4 fiter Shot Baker (covered-trench
below-rrede) Front Side Facing Ground Zero
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Fig. 4.5 Shelter A-5 After Shot Baker (below-grade lightened-frame)

-30-

RESTRICTED DATA SECRET
ATOMIC ffNI9WY ACT 1904@I~l~ItraI



tSECRET

44

jj

Fig. 4 6Shelter A-14 After Shot Baker (below-grade
ligtend-fame
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Fig. 4,• Shelter A-15 1,After Shot Baker (below-grade lightened-
framne)
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Fig. 4.9 Shelter A-9 After Shot Baker (partly above-grade lightened-
f rame)

..........................................

frame) '
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Fig. 4.12 Shelter P-17 Aftcr Shot Baker (partily above-grade lightened-
frame)
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4.2.2 Metal-arch Shelters

In addition to extensive damage to entrance construction, partial
failure occurred in the end section of the only completed metal-arch shell ,r.
There was also evidence of a slight shifting or twisting of the arch on it
foundation, but structural damage was insufficient to prove hazardous to i,.
occupant. Figure 4.13 shows collapsed entrance structure and spreading of
earth cover. Effects of blast on metal-arches are shown on Fig. 4.14. The
earth cover on this structure was lowered appreciably.

:47--

..-•.. -- .....

y-. Th.%

a r.ý -; f

'-435 -

* K-t. t,•. . . -* . - V ,..., '•1 - -•' . . *.., -&,' . t.., , ¶7w,• .•,: • • • - .- 9o.:,

Fig. 4.13 Shelter B-l After Shot Baker (basic below-grade metal-arch "
shelt er) *
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4.2J3 Wood-arch Sh,'Iters

Damage to wood-arch shelters is partially shown in Figs. 4.15,
4.16, and 4.17. Entrance structures were severel]r damaged and were almostimpassable. The wood-arch and wall of aU structures remained intact, but
in C-4, the end section gave way.

. .• 

-
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Fig. 4.17 Structure 0-4 After Shot Baker (wood-arch)
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4.2.4 Basement Lean-to Structures
The complete destruction of simulated basement lean-to shelters

(D-I and D-2) is shown in Fig. 4.18. These structures were designed to

determine whether fastening a lean-to section to a basement wall would af-

ford greater protection than if the top of the lean-to were left free.

However, destruction was so complete, no information could bc obtained on

wall failure or reaction of the Icen-to.

li~ot'

A,

' ','.- i . "sd fl

Fig. 4.18 Remains of Structure D-1 After Shot Baker (simulated oasement

lean-to)
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4.3 RADIATION MEASUREMENTS

Total gamma radiation at the site of the shelters was approximately
9,600 roentgens. A film badge placed at the top of the entrance to struc-
ture C-4 recorded 8,000 r. Readings for gamma radiation listed in Table
4.1 were taken from film badges placed at entrance sections and inside
shelters. Filjn-badge data on meal-arch and wood-arch shelters were not
available.

Readings for total gamma radiation were comparatively uniform for
similar types of structures. Average values for the covered-trench
shelters are listed in Table 4.2. This table gives total radiation
dosages in below-grade and partly above-grade shelters with 2 ft. and
3 ft. of earth cover. In addition to values for the shelter proper,
average readings are also provided for the entrance areas.

TABLE 4.2

Total Gamma Radiation ir. Covered-trench Shelters

Average Readings for Duster Shot Baker

Earth Cover - 2 ft. Earth Cover - 3 ft.

Shelter Entrance Shelter Entrance

Shelters Area Area Area Area

Below-grade 173 246 151 198

Partly above-grade 290 430 206 320

Table 4.2 indicates the difference in intensity of radiation ir
below-grade and partly above-grale shelters. Differences were possiblj
due to euitrai,ce damage and t~he greater amount of earth cover removed

from partly above-grade shelters by the blast. A comparison of structures
with 2 and 3 ft. of earth cover indicates that the extra foot of cover.
did not reduce radiation as much a: anticipated. Radiation data on high,
medium and low positions in 4 shelters show total gamma ray dosage is
n'ucb higher near the top of the snelter than at the bottom (Table 4ý.1).

In A-1 where the back of the shelter faced ground zero the average
reading was 125 roentgens. In contrast the corresponding reading was .
200 roentgens in an identical shelter, A-4, where the entrance side faced 9'
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Thermal radiation at the shelter site was approximately 41 calories per
square centimeter. There was no indication of thermal effects within the
shelters, and it a;, eared that proturtion was adequate. Exposed section
of the wood structures were charred as shown in Figs. 4.1, 4.5, and 4.8,
but there were no signs of continued combustion.

Pressures inside the structures measured with land mine fuses were
based on a limited number of readings. They averaged 4 pounds per square
inch. This figure is of considerable interest, but in view of the limita-
tions of the measuring devices is not conclusive.

The deflection measurements of structural members of the shelters are I
listed in Table 4.1, They show some variation due probably to the shifting
and twisting of structures, as well as the inaccuracy of measuring devices.

'4
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CHAPTER 5

EFFECTS OF SHOT CHARLIE

5.1 INTRODUCTION

Shelters were seriously damaged by Shot Charlie, largely because dawmage

sustained on the previous explosion had not been repaired and because the

earth cover removed by the Baker blast had not been replaced. Pressures

again were considerably less than those the structures were intended to

withstand. On the other hand, the intensity of gamma radiation was much

greater than that against which the original shelters were intended to

provide protection. Test results for Shot Charlie are sumunarized in

Table 5.1. In reviewing this data consideration should be given to the

reduction of earth cover by Shot Baker, exposing structures and reducing
Witr uability to pr ovide protection. against garenma radiation.

5.2 STRUCTURAL DARAGE

All shelters suffered considerable structural damage and the metal-

arch and wood-arch shelters were completely destroyed. Partly above-

grade shelters were damaged sufficiently to indicate failure to provide
protection against blast. The shelters were stripped of practically all

cover and considerable soil poured into the entrance sections.

5.2.1 Covered-trench Shelters

Damage to basic below-grade covered-trench shelters (A-1

through A-4) was confined principally to above-grade entrance construction

(Figs. 5.1 and 5.2). Shelter A-4, with the front end facing the blast,
was damaged slightly more than shelters of similar construction. In re-

duced strength below-grade shelters blast had approximately the same

effect on earth cover and entrances (Fig. 5.3). Plthough, none of these

structures failed, studs and roof joists were broken. There was also

evidence of weakness where studs in the front and end sections were tied
into the roof section.

The rar4 1- above-arndpe vnqprdi tirer,cah !,helters suffiered much

more damage. Although the structures remaine-d intact, earth cover was

swept down to natural grade (Fig. 5.4). Entrances suffered greater

damage (Figs. 5.5 and 5.6).
, - 51 -
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Fig. 5.1 Shelter A-2 After Shot Charlie (covered-trench below-grade)
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Fig. 5.2 Shelter A-3 After Shot Charlie (covered.-trench below-grade) *"";
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Fig. 5.43Shelter A-6 After Shot Charlie (iightlyaoeneor dpI ~ beo-grade
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Fig. 5.5 Shelter A-1U After Shot Charlie (partly above-grade lightened-

j. _ _ -

Fig. 5.6 Shelter A-132 After Shot Charlie (lightened-fPýame below-grade)f)>

-54-

RESTRICTED DATA SECRET
ATOMIC_ ENERGY ACT 1045 Snurity 11910Cm1 the



S KR HT
Serdty ltmInfnutM

5.2.2 Metal-arch Shelters f4

Failure of stakes to hold the end section of the metal-arch
shelter in the previous explosion contributed to its destruction (Fig. 5.7).
Entrance sections were weaker than those of the covered-trench type, but
the metal-arch and walls survived.

Figures 5.8 and 5.9 show effects of the blast on metal-arch
sections in a ground level concrete footing. Virtually all cover was swept
away, but the metal arch was not affected by blast. if

4 ., t .. -N' .• .- . . • ."

:, • . .- . .- , - ~- -,. . *- , . .

L 
-4

- ..- ', .-- :- •t

Fig. r S C ( sow-
-- 4. .

•- "'"M .V "- ". . -

;~ _i- x• . ••....

-,_,, .\ .-. %,.-=S

:' 'l• "":,4*4- ; . . - : -, . . .,• ' -- , . " .[

grade)
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Fig. 5.8 Structure B-2 After Shot Charlie (metal-arch -2 ft. of earth
cover)
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5.2.3 Wood-arch Shelters

Earth cover was swept away to ground level and wood-arch shelterE *
collapsed completely as a result of Shot Charlie (Figs. 5.10 and 5.11). Arch
folded and in some cases pulled sidewalls in with them.V
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5.3 RADIATION MEASUREMENTS

Gammna radiation readings at the shelters are shown in Table 3.2.
Radiation dosages within the shelters were far above lethal (Table 5.1).
Averrg-3 readings are summArized in Table 5.2. These figures are of minor
aignificance because of removal cof cover and serious damage to shelters.

TABLE 5.2

Total Gamma Radiation in Covared-trench Shelters

Average Reading for Shot Charlie

Original Original
Earth Cover - 2 ft. Earth Cover - 3 ft.

Shelter Entrance Shelter Entrance
Shelters Area Area Area Area

Balow-grade 1210 2000 840 1340

Partly above-grade 2310 3800 2380 3570 1

Gaims raciiation dosa?)es recorded within shelters were far in excess
of those normally occurring with the amount of earth cover remaining after
Shot Baker. Since the shelters were approxnimately 1750 ft. from the bomb,1
the shock front, which arrived in less than a second, stripped additional
cover from. them before receipt of total dosage of radiation.

5.4 THERM-AL RADIATION

The intensity of thermnal radiation at equivalent distanecs to those
of the shelters was 114ý calories per bquare centimeter. Wood surfaces
were charred and entrance panels showed indication of reflected heat,
However, protection inside the shelters that survived appeared iPdequats,
Action of thermnal radiation priur to rempoval of' earth cover by blast is
shown in Figs. 5.2, 5.3, and 5.4. There were no signs of continued comn-
bust ion.
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EFFFCTS OF SHOT DOG

6.1 INTRODUCTION

Shelters were in poor shape for Shot Dog. The two previous explosions
had stripped all earth cover and damaged structures. This greatly influenced
the results and limited the use of data on this shot. Peak overpressures and
radiation dosages from Shot Dog were greater than those from the previous ex-
plosions.

6.2 TEST ItESULTM

Thc below-grade covered-trench, as well as the metal arches set in con-
crete, withstood the blast in spite of the lack of protective covering. All
other structures were almost completely demolished. Damage is shown in Figs.
6.1, 6.2, and 6.3.

In below-grade covered-trench shelters, entrance construction, Which was
above the natural grade, was almost completely blown away. Considerable mater
ial was blown jino the stwielters and soil seeped through damaged structures.
Debris, however, was stopped in the entrance areas. Deflection devices were
generally not disturbed. In reduced--strength shelters partial failure of the
front and end sections occurred when studs were joinexi to Liu rouof tutin.

The cover was swept from metal arches and theii end enclosures facizhg
the blast were demolished. Destruction of the end sections permitted faster
equalization of pressures and undoubtedly contributed to the resistance of
the arches. Arch sections were tilted slightly, but otherwise undamaged.

Total radiation for Shot Dog is listed in Table 3.1. Had±ation readings
within shelters are listed in Table 6.1, but this infurmation is of little
value due to the lack of protective cover.

Thermal radiation intensities at distances equivalent to that of the
shelters were approximately 155 calories per square centimeter. However,
exposed wood siections did not burn.

- 65 -

SECRET RESTRICTED DATA
SeCurity Infurmstiom ATOMIC ENERGY ACT 1940 o. ,

,,',-: -. '". T . -- - ,



Saifty Won.0

-WW

.1414

a 66

RETICE DAA ECE

ATOMIC~~~~~ ENRYAT19.4ot Ifmto

-r l:ýi 411 4_ .7.-. lpp-o f-11,



SECRET

A 14

4.1y

U)

".kt

Courl inomto AT~ l 0Eý C 94

e 

A67 -Ai



SECRET
Seati W• utlat'

AkA

ii '7 i • ,: , • *• . $•

• ho
.~ It

S+,V•

•- >3. ,4 ,. ,, *• ,.

0

•:' ! .* 1,"4 ' , . ' i ,

2 ' m. '" *•

IA

r4't

". ,; • • I ' ,w." . ! • . . 1 .l _

114

- 68t
RESTRCTEDDATA ECRE

AT•t.E.4F.H4Y ' 146,' 1CIfott~



SECRET
Socolity lit mnvma

'C) H0Q)a

U s' 'Ti U) 1 ki
* 4! 4d) (1)'H ) W r-

-4-' $4 V) -41P 4 tL20) 4-4'. 4-~) (- 4d

4-) I 0)- (1) -H0 4-d~
$iC a 00 iZ'-f r. O$-AO4"*"04)- P,O. '-H WO V)0I d4-)',-1 (

a)d W 0-Aid) (1) ) j
P4 4 'dH Pdrd r-4 4 ~rq (1) P4 '$-4

otcoIVO r-~-I H 0 '> 0 0 4)s-PA
0)$bl C ;ýýO'$- P 4)0 1,4 H .4-: 1  $ý-4HWAIn-H
+) P~i PiU) R4O Ij)( ZVrI .) P44- r

H " ()i H 40&0
0), 41 + 1C0 C $-. p 0A ýqw i -I C)

0);Z 0. 0) F; ' 4-) -i -: 0 (1)- (i
En 4-)4JO O -P 04 U) 4-)H 1),-

H a) ,-l* --A , r-4.C' to drrd Id ill'tp Q)) -jP U tJ
0g 0) 40 (1) o co F:

EQ 'PH-H Q)i r- IQa'H 1)0

U C) 4-)C1 cl'i4-)P;ý r'dk' '0 0 E

(n tica(0

4-)T r-4 'd d P

(L aw 0c W

U-P AP

1:3 W C 0 r-X!4 0 -U 0
Cd 14C c ) 0- ) 3

0) . ti 43 t)t --t1 C. c

c,0 ! I

4--)

0-4 0 1

(+ -i H H

0jE) C 0

cd C.0

4-) (U--I

cio 0 ~ (A.,C (Y-)

'P0) 0o

-69

SECRET ~RESTRICTED DATA ';
$Scurity "Nsfwutioii ATOMIC ENERGY ACT 1946



t~tt- --- ~[

SECRET

C) H )+

-Ir C, 4-% H0 -
5k41 iv
HO) (UO H~

0S C£1 qi 0 0I VA 4H
40) 0 $4

0 4) 0 d 00)

0P rd (

$)9-4 CO

0m 0P0C~

to 5a

02o

H H ORI 000* () +30)0 r

a) in 8)P )

U3 r- Ur1t4. H - r- -
0) 4)04) 0--

R, 0 X w

4 -PC HQ d I

to - PAI-

$44 4r40ý
H4 W O to a)

%Lq IL W * 4

AC 4944 gmtt b)i>uP-t0
4ý 91 0 4 r. t 4)t

CIO r-,i E



$ECRET
$Mcdtj 111ohi ma

Q) )
Q) Id -

5-4 1- C\)
Cr.

0dr 0'- rd Id

-4 -4\U

+) U) )

C) C-))-
IdC 0 Id

NA 0

0 rOrA -

Ei5-4 0- (1 a) U)
F-4 0 3-PC)

4-C4)) 0 0

q- 0- C
'n rd -1

V42 4) +5) p o A C
!.D (1) ( L 4 -r H 4P

0-)P Q) rd 01)O .1 a) It
od p~ 5-4 0ý $4

Q) Q)a a) (2 0 Ea
+3 ;44- 0qNrd Q0( 0 0

C)Q a) 154 H-
Ul .C)- V )q-

+.)

4)~ rd C)

4-4 ,-

.5.5( 0 )I '

HH

r-4

SECRET RETICE DT

Seurt Inomta ATMCEEGYAT14



SECRET
Sao"tt WtsiUN ________

H 1H

H HH
-) C) -

40 0 -00

oi Qi Q

4-) HO - C

-o 4-- 4-)i4'4

Q))

43 Elri 43 t 4- 0) 01 40-3r C->
1-4 r-A r-H Q) r

o02 00 4) H I -
H L C) L)-. C

4-C)

00

.ci a) I d

04C

oo b~

43)

o30 CUi 0CU VIcU

4' C)- 00 Cc)

-72-

RESTRICTED DATA SECRET
ATOMIC ENERG. ACT 1946 $crt uaa~



SECRET
Secwtyf lafiuuw

I 
U

OU 4-

all rd

0 r- 0 •" .,1 U

U,~

0' .- 0

CH O gJ . 0

03 W.H -42 '4

"rI

4Jd0o$ 1 c ;4i 4- H

0 . .5

41-s a;4 - *

) 04- 0 ed

(1) ýA " Ud rH

n3 4d r 0) to a) 0

H1 cA 1- A -
4-1 0 H f 0 _4 0(v -P H -H 4 -H~O r- f

OH : 00) ~ '
oc 0e r) Id

-

a) 
-P

SECRT' ESTICTE DAA .

(U .Pq, dPlA I N -P|

si (Y7 E
c4.) 0' W'1 4)'d

Ea 01 ~ Q ~

1 -4

4- 0) 
RO) ' 

sO1f\0~ W3.d~~ ' ~ ;L' x

4-P
H

o 0

CO -- 73

SERE RETICE DATAliit lo ti TMCEERYATI,4
ILI~



SECRET
Security lIpw~mt*•

CHAPTR 7

DISCUSSION

7.1 REACTION OF SHKLTERS

Since structures tested in Shots Baker, Charlie, and Dog were not lo-
cated with a view toward providing protection, an understanding of the rea-
sons for their behavior under test conditions is of primary importance.

7.2 EARTH-ARCH ACTION

The covered-trench shelters were designed to resist blast pressures
by beam action of the roof alone. It was assuwed that practically all
resistance to the pressures in metal-arclh shelters would come from arch
action, but it appears reasonable to believe that such action did occur.

The soil at the test site lacked cohesive properties after being
disturbed. However, the natural angle of repose of earth cover was at
least 1, decreeo, This tould indicate an internal friction angle of at
least 35 to 40 degrees, sufficient for the soil to carry the necessary
compressive stress for earth-arch action.

If earth-arch action occurred, its effectiveness was greatly reduced
by the amount of earth cover removed by each explosion and structures were
stripped by the second. This would partially account for the poor resis-
tance of arch-type shelters. Covered-trench shelters which did not depend
on arch action were less seriously affected by successive explosions and
indicated ability to resist pressures corresponding to the theoretical
values for which they were designed.

7.3 PROTECTIVE VALUE OF CO)VER

Additional test data is needed on ti,ýe reaction of earth cover. The
test results do not show the effect of earth-arch action or whether the

resistance of the mass of the earth cover contributed to the ability of
structures to withstand blast. However, results did show that damage to
structures was less severe when protected by even a small amount of cover.
This was particularly evident where entrance structures were poorly protectec
but survived when covered. It appeared that if earth cover were below naturi
grade, it would not be greatly affected by blast. Thus lowering grade level
of shelters would add considerably to their safety. 7

The reaction of the earth 'cover affected not only the structural resis-

-75 -- I

SECREl RESTRICTED DATA
S•curtty Informstis ATOMIC ENERGY ACT 1046

s7.,t •r



SECRET

tance of the shelters, but. also their- ability to protect, against radia-
tioin. Reducat cover on the second and th:irld explosions greatly increased
radiation dosages within the shelters. Test structures were located suf-
ficiently clot-e to the three explosions to receive the shock an appreciable
interval býfore all evnia radiation was absorbed. On Shot Baker, shelter
A-1 was 1,6S8 ft. from the explosion (Table 3A,). It is estiaiated (1)
that the shock front should( have arrived at the structure in appro.:inmately
0.6 seconds. Sine orly 50 percent of total radiation dosage is received
in one second, ) the removal of' one foot. !f cover by blast action un-,
doubtedly affected total radiation in the shelter. This may have increased
radiation dosages and partially account for utnusually high readings on
Shots Charlie and Dog.

7.4 DEFLECTION OF ST3b,JI2AL MbIIBERS

Data obtained on deflection of structural members of shelters was of
limited value. They undoubtedly were affected by shifting and twisting
of the shelters and inaccuracy of improvised method of instrumentation.
It has been possible to check some of these readings with the computed
values for the covered-trench shelter. These results show a possible
error of 50 percent. For example, a center line deflection of 2/32 of
an inch in the roof joists of shelters A-1 and t-3 should result from a
pressure of ]-0 nounds Per square inch. Actual deflocti• n on S.hot Baker
for a pressure of 8 pounds per square inch was 2/32. When the effect of
partial elastic action of the wood is included, this discrepancy amounts
to an error of approximately 50 percent. However, partially because of
variation in amounts of earth cover removed, readings provide no indica-
tion of earth-arch action or protective value of earth cover.

7M PRESSURES INSIDE SHELTERS

Design of the shelter structures was based on the assumption that no
resistence was provided by pressures developed within the she-lter. If
resistoant pressures of the magnitude recorded were effective, they would
have considerably increased the resistance of the shelters. However,
instrwancnts used to record these readings are not considered reliable
and further tests should be made to check the accure-y of these data.

(l)The Eflects of Atomic Weapons, Page 54, Fig. 3.13 f.

(2)The Effects of Atomic Weapons, Page 238, Fig. 7.46. C
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CHAPTER 8

CONCLUSION
5ý.. 1PROTFCTI4E VALUE OF SH2UTFIRS

The belol-grade. coverl-'d-t rench shelters,, provided protect ion agni iist
1blast anid theca.T-al effects of Shot Ba-iker, Total gammna radiation dlosage
within the shelters (average 150 - 175 r), exceeded a desirable value of
100 r, but was considerably b low t he, median lethal dosaL;.:.. Structurally,
ba~sic designs of this typo)c of shea ~er withstood the effects of the thi ce
exp~loazons, but gammqa radiation for Shots Charlie anid Dog would have t)en
fatal to an occupant. Dis-counting the damage resulting from accumulated
effects of succes.Ctve explosions, th-e basic shelte!rs resisted peak pressures
of approxirnately 15 poun~ds per squtiv inich2  They should be capable of
withstanding blast effe~cts at onie-i If mile from the ground zecro of a noah I

mnat bomb exploded at optimum heitc,! rft this location the 3 ft. of ear-th
cover we Jd be less than required ) reduce tot~al garmma radiation to 1,00 r.

Tr) the partly above-grade covered-trench she-itersz, radiation dosagos-
from Shot Baker increas'?_ýd to hetween 2O1ýaii~ 300 r. These, shelters were
espab~lo of providing protection a~gairrbt blast anid thermal ef'fectsi, but
damage was more severe, tinder condition- limiting con: 'uction, shelters

of this t~ypeF shiould be used only with the knowi ýdge that the degree of'

P1-artial failure of the end sectilon of' the metal-arch shelter occurred
in Shot Laker, This failare lwoul ' oL. hrvc imrnerulled the -lfe of an occu-
par~t) but it co)ntributed to the deu-cinof the s;helter 1-in Shot Charlie.
Despite the failure of the test st: r-turts, this t~ype n~f sheltc-r should
qnrvide good protection.

Wood-arch shle' ollapsed ciomrpleQtely in Shot Gharlie, partly be-.
aueof the ret ction of the cart V cover. Theiir failur'e, however, indic;A cd

that. the proposeid des-*gri of toie wood arcch should be: codified.

Informration on thc rea 'tion, of the b;nuiernerit le-an-to shelýter was,: riot
ocat ined dii2 -,o the inaýdeqjii n of thi tesýt 't:t're.The structure
sim~ulati n" th. basBeme; it -f a1 prvsL; house shoul aredus ,i pred, ard addi1-
tional tests rna le to iet~ rininir thes resistan)ce 01' iAsett~rs of thstype.

Wood shelL *rs cifered ,,ood' rcsis .c to blast, r cr i.:led they Weree
troperl~v JCOtCrt(23 b- -arth cover. The"-I diI niot bun'l >1their resili ency
rcr7. 'td t!her, to abobsh'uck without. fail ing, cocrie.lc -. rrucated

2jtalIr.Ylj sectior's P1;o Yesistsad greaLtex i nessi3,r' i cijated, as.-
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The t;sts indicated that reducing the strength of the shelters was not
Justified. The inc:-eased spacing in studs and joists in the covercd-trench
shelters caused some of the structures to twist. Structural members were
cracked, and end cnd front sections showed a greater tendency to fail.
Savings on lumber were Tinor, and test structures failed to vi4thstand the
three explosions.

The partly above-grade shelters offered considerably less protection
from blast than the below-grade type, and nuclear radiation dosages were
much higher. Damage to entrance structures was particularly severe be-
caust of the reaction of the earth cover.

Th,: entrances cf all structures were considerably weaker than the shel-
ters pruper. Entrances to the arch-type shelters proved weaker than other
types. They collapsed completelyr on Shot Baker. On the next two shots prac-
tic:ally all above-g ade entrance construction was demolished and blown away.
Gammxý radiftion xeadlitg showed that these areas could not be used for shel-
ter purposes. They did, howe-er, effectively block off thermal radiation
and there wa,_ no indicaton ( material being disturbed within the shelters.
Debris thrown into the sheltes wa.i trapped in entrances and would not have
injured occupants. It did block access to many of the shelters and escape
would have been hazardous. Some of the damage to th, entrances was super-
ficial and did not affect the protective value of thL shelters, but all
should be redesigned to provide resi,;tance comparable' with thi cenaLilities
Uf the rest of w Striuturet.

The end and front sections of the covered-trench shelters shr ied 6
tendency to fail where they were jcined to the roof' sections., Since tht ,L
structures were tied together only by toewatllirg wi•l studsI to the roof
joists, failure was morC evet where the. •spacing. -f the studs was r l-
creased. This weakness can av,1 ohou)( bez corrTctcd.

Various sections of the, etat-11vc1 shelJtar showed a tendency to pull
apart. They should be joined uore .ecurely Lr1 ! sections partially gave
way in Shot Baker because of the failure of supporting stakes. Since this
also occurred in one of the1 wcjod-arch shelters, it was not attributed to
faulty construction, but 1ath, • to dcJLgIi. W.ilporting memiors wv.re not
tied into the structure.

P.3 REACTION OF KARTH COVElt

Large quantities of earth cover were removed by eacti explosion. Amounts
of cover blown off by Shot Baker var'ed from 30 to 60 percent of the tothl
cover. These quattities varied with elevation of structures wit,, respect
to nataral grade, Partly above-grade shelters were affe~ced to a gr' nter 4
extent. Thir (mJJsirablr. reautln was serious for it not only affect,
protectior against raliation. ut also rer•istancre of the structur s to blasit
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Total gamma radiation dosages from test shots were sufficiently large
that the 3 ft. of earth cover did not provide desired protection. Even

in terms of one-half mile from a nominal bomb at optimum height, radiation
dosages were such that 3 ft.. of earth cover was slightly less than required.
Since the blast preceded total gamma radiation dosages, only a portion of
the earth cover was effective. This may have slightly increased radiation
dosages withi, the shelters.

Test results did not show whether earth-arch action occurred in the
cover over the shelter structures. Indications are that conditions would
permit such action. However, it was impossible to determine whether earth-
arch action was effective because of blast action of successive shots.
Whether the mass of earth cover contributed anyi hing to resistance of the
shelters to blast pressures is not substantiated by data. The protective
cover did, however, greatly reduce damage to shelter structures.

8.4 ORIENTATION OF SHELTERS

Orientation of the covered-trench shelters had a major effect on their
protective value only where the front faced the explosion. Since this was
the weakest side of the structure, this shelter suffi k considerably more
damage than others of similar construction. Radiation dosages within this
shelter were also considerably higher than in shelters facing in other direc-
tions. Greater damage to the entrance was the probable cause.

Scorching of parts of the entrance panels not directly exposed to the
blast indicated the possibility of heat reflection of some magnitude. How-
ever even in the shelter where the entrance side faced the blast, there was
no evidence of heat entering the shelter proper. Hence, entrances Rs designed
should provide protection against thexnal radiation even if facing the blast.

8.! $ SEýITHING REQUIREMENTS

It riesult , obtained from the substitution of materials were satisfac-
tory. ChLb.et dre and tarpaper she'thintg for the sides of shelters were
adequate whert the spaeing of suppoi ,ing members was not too great. Reduc-
tion in the rigidity of the shelter, because of the substitution of chicken
wire and tarpaper fc one inch wood sheaý,hing, i'3 not, considered serious
in structures of ua: i- I gn. Thic rithod of joining wood sheathing to other
types of materials, iuc: the metal arch, should be improved. Concrete-
block sidewal' of wood sf. Lters also ;'rove.1 satisfactory when builL
below grac. :alls of tic od-arch shelters (eoncretc-bl,,ck se' in mortar)
failed. This was partirli: ie !ro the collapse of the wood arches, but use
of unreinforced cencrcte-biv w-i.Js is not recommended.
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CHAPTER 9

RECOMAENDATIONS

9.1 INTRODUCTION

Damage to the test shelters was so severe that data was not conclusive
on all items. This data should be obtained by additional tests with improved
methods of instrumentation. The unusual test conditions also disclosed a
number of weak points in the structures which contributed to their failure.

9.2 DESIGN RECOMMENDATIONS

A number of minor modifications in the shelters should improve their
ability to provide protection. It is recoimm:ended that the following be
considered in redesigning shelters:

(a) ,-,g-.•sUiv thicknei.s of earth cover.

., Re'oal.. of cover by blast action.
A:. hi-Atict_. methods of stabilizing, earth cover.

(b) E•t trant o.

1. Xnc s , tvevth of entrance construction.2. U.1;i-tio- of" pro)tector from earth cover and

3. 1 ml rt Ion oF' long uns:' uported studs.

spr ,.'ad e ]".5,

(c) Dresign of eaad an2 fr),a sectlkons.

1, Pro~isior: of beai;•.rig, for sLuds in joini"•ng end
and i'ront t!ectionFs to thu roof of the covered-
trench shl ' itcxs.

2. Proper fasterin.g ol structural members in the
end seeK >.s of the arch shelters to the rest
of thE• "I 'tticture.

(d) E? waY: • ;tf she]h,er•,. •

1. -CLhq 0. =avoid-lr., an abrupt change in grade.
2. <.ring the gradu of metal-arch shelters.
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"9.3 TEST REQUIREMENTS

Knowledge gained of the reaction of the shelters under the unusual
conditions at the test site should be helpful in planning future tests.
Additional tests should be made to obtain conclusive data on the follow-
ing:

(a) Effect of pressures inside the shelters.
(b) Resistance provided by earth-arch action.
(c) Resistance of the mass of earth cover to transient loads.
(d) Shielding against neutron and thermal radiation. 4
(e) Adequacy of concrete-block construction.
(f) Reaction of strengthened entrance structures.
(g) Protective value of metal-arch shelters.
(h) Effect of the blast on typical basement construction.
(i) Reaction of other types of family shelters.

9,4 CONCLUSION

The tcsts showed that small shelter structures are potentially capable
of providing a degree of protection commensurate with the requirei,•ents of
civil defense. They are not az casy to build asý gbfnlurally believed, but
they are of a type that can be built by the average householder. The test
structures can be modified to avoid much of the damage that occurred in
the tests. This should provide much safer shelters for civil defense
purposes.

4
ii
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